The coexistence of different water homeostasis abnormalities following neurosurgery represents a diagnostic and therapeutic challenge for intensive care units. This paper reports the case of a 13 year-old boy who underwent surgery for a suprasellar tumour and, immediately after surgery, developed a cerebral abscess, persistent diabetes insipidus (DI) as well as cerebral salt wasting syndrome (CSWS). The early onset of CSWS following DI has been associated with a poor prognosis and increased mortality. In cases in which these abnormalities coexist, the increased polyuria secondary to the rise in natriuresis associated with CSWS might be erroneously interpreted as a sign of poor control of the DI, thereby leading to therapeutic mistakes. Treatment basically consists of restoring electrolytes and the joint administration of desmopressin and fludrocortisone.
INTRODUCTION
Hydroelectrolytic abnormalities are reported in 15% -45% of children following intracranial surgery, with Diabetes Insipidus (DI), cerebral salt-wasting syndrome (CSW), the syndrome of inappropriate secretion of antidiuretic hormone (SIADH) and central adrenal insufficiency as the primary causes [1] [2] [3] . DI is the most common, with a post-surgery incidence of 8% -21% in patients operated on for intracranial tumours [1, [4] [5] [6] [7] . CSW is less frequent, found in 4% of children following neurosurgery [1] .
Infrequently following the onset of DI, CSW may also appear [8, 9] posing a diagnostic and therapeutic challenge. We present a case of a patient who presented prolonged DI and CSW simultaneously following neurosurgery for a suprasellar tumor.
CLINICAL CASE
We describe the case of a 13 year-old boy who presented repeated syncope following urination over a two-week period. He was moderately overweight (bodyweight 75 kg [p85]; BMI 28 [p97]; height 160 cm [p15]) at Tanner stage 3. Physical examination and personal and family history revealed no findings of interest. The patient's visual field, fundus and echocardiogram were normal. Cranial CT with intravenous contrast revealed a 2.5 cm mass occupying the suprasellar cistern. Natremia was 137 mEq/l, urinary osmolality 486 mOsm/kg, and Uricemia 7.2 mg/dl. GH was deficient, with a peak of 1.6 ng/dl following iv clonidine and 1.5 ng/dl following iv glucagon; with IGF-1 of 180 ng/ml and 145 ng/ml respectively. Cortisol was 209 ng/ml (N: 50 -210), ACTH 62 pg/ml, basal LH 5.7 mUI/ml, basal FSH 10.5 mUI/ml, TSH 2.70 mUI/ml, T4L 1.20 ng/dl, and prolactin 217 mUI/ml (N: 79 -218). MRI confirmed a suprasellar mass with an hourglass morphology crossing the pituitary diaphragm (Figure 1) , with craniopharyngioma as a first diagnostic possibility. Treatment with hydrocortisone was begun on the evening before surgery. 32 hours following surgery, the patient presented an increase in urine output, rising from a diuresis of 600 cc over 5 hours to 3200 cc over 5 hours (8 cc/kg/hour), while receiving an iv infusion of 200 mg of hydrocortisone over 24 h, iv isotonic saline and 5 % glucose for a total iv administration of 3000 cc in 24 hours. During this time natremia rose from 133 to 150 mEq/l. Na in urine during the 5-hour-period pre-frank polyuria was 50 mEq/l or 6 mEq/hour. With a diagnosis of DI, 30 mcg of ddAVP were administered, normalizing natremia ( Table 1) .
On the second day post-surgery, the patient initiated oral water tolerance, and pres nted a diuresis of 3000 cc e OPEN ACCESS over 24 hours (1.5 cc /kg/hour) on ddAVP therapy, maintaining 200 mg iv of hydrocortisone over 24 h, as well as 3000 cc iv fluids.. However, in a urine spot analysis from a 2-hour period with a total diuresis of 500cc during the evening, natriuresis was elevated, with 56 mEq/l (total 23 mEq in 2 hours or 11.5 mEq/hour). On day 3 the patient showed confusion with a tendency towards somnolescence and a 39˚C fever. A cerebral TC revealed an abscess in the left parieto-frontal lobe (Figure 2) . Intravenous meropenem and vancomycin were intiated. Blood cultures were negative.
On day four, with a total of 2900 cc iv saline and glucose, and 550 cc of oral liquids, the patient's natremia dropped from 143 to 134, with a serum uric acid level of 3.8 mg/dl, and an increase in diuresis from 50 cc over 2 hours to 1100 over 3 hours, in spite of maintenance of ddAVP doses ( Table 1) . Hemoglobin (Hb) rose to 11.4 g/l and Hematocrit (Hct) to 33.3 mg/dl from 10.4 and 30.7 respectively. Thyroid hormone levels were normal, with a TSH level of 1.94 mUI/ml, and T4l of 8.03 ng/dl. Hydrocortisone infusion had been reduced to a 20 mg iv bolus every 8 hours, and the last dose had been administered 3 hours before the reinitiation of polyuria. In spite of maintained polyuria, serum Na did not increase, dropping initially from 134 at 8 AM to 125 mEq/l at 6 PM and to 121 mEq/l at 9 PM, on the 5th day, coinciding with an increase of Hb to 16 g/l and Hct to 45 mg/dl and a frank rise in natriuresis: 209 mEq/l, in a diuresis of 800 cc from 6 PM to 9PM (167 mEq/hour). The patient had received an oral dose of 20 mg of hydrocortisone at breakfast, and 10 mg of hydrocortisone at dinner, as well as 3500 in iv fluids. The patient vomited several times during the day, interrupting oral fluid intake, and presented clinical signs of dehydration. On the following morning, (day 6), clinical dehydration persisted, natremia was 123 mEq/l, aldosterone levels were clearly suppressed at 22 pg/ml (N from 97 to 626) as was renin at 1 pg/ml (N from 3 to 33). Natremia improved following 3% iv hypertonic saline, increased iv isotonic saline, and a higher dose of hydrocortisone (60 mg iv bolus every 12 h). DdAVP administration remained constant.
Over the following days, Na levels were normalized, and iv isotonic saline infusion was maintained. However, 0.4 mg of oral fludrocortisone was needed to maintain normal natremia once iv saline was interrupted. The patient later stayed on fludrocortisone and ddAVP, and hydrocortisone dose was gradually tapered. A month following surgery ACTH and cortisol levels were normal, but hyporeninemic hypoaldosteronism persisted ( Table  1) . Following 4 weeks of treatment with meropenem and vanccomycin, the patient received a 4-week cycle of linezolid and metronidazol. Later CT images showed the abscess to have been resolved. Histological exam of the original tumor revealed a craniopharyngioma.
18 months following surgery, the patient still needs ddAVP (oral desmopressin 0.3 mg/day in three doses) and fludrocortisone (0.1 mg every 12 h), together with oral salt supplements to maintain normal levels of natremia and diuresis, but natriuresis remains high at up to 219 mEq/l. MRI af followup at 18 months reveals reapparition of the tumor.
DISCUSSION
Central DI is characterised by ADH hyposecretion, inducing hypernatremia and polyuria [10] . If the thirst mechanism is altered, the patient has insufficient access to water, or administration of liquids is inadequate, severe hypernatremic dehydration can occur. Patients are particularly at risk following neurosurgery, and should be carefully monitored [2] . Treatment is based on adequate water restoration, and the administration of desmopressin [3] .
Following the onset of DI, CSW may also appear, characterised by increased natriuresis with a secondary increment of aquaresis giving rise to polyuria and dehydration. Hyponatremia and hipouricemia follow increased natriuresis and uricosuria [8, 11] . When DI and CSW present simultaneously in the same patient [12] [13] [14] the consequent CSW-induced increase in polyuria may be erroneously interpreted as poor control of DI. However in DI hypernatremia is characteristic, whereas in CSW natremia typically decreases, and an increased desmopressin dose only worsens hyponatraemia.
Since hyponatremia in CSW is typically accompanied by hypouricemia, it can be confused with SIADH [8, 12, 15] or excessive doses of ddAVP. However, CSW patients can be distinguished by their hypovolemia, hyponatremia worsening upon water restriction, improving with iv isotonic saline, coinciding with an increased diuresis and a rise in parameters such as Hb and Hct. Addison's Disease (AD) can also be accompanied by dehydration, hyponatremia, and increased natriuresis. However serum uric acid levels rise in AD, and renin levels are frankly increased, while our patients's hyporeninemic hypoaldosteronism is typical of CSW [11] Central adrenal failure is even less probable, given the patient's dehydration, and since the initial rise in diuresis and descent in natremia occurred shortly following an iv bolus of 20 mg hydrocortisone, effectively ruling out both types of adrenal insufficiency.
OPEN ACCESS
Thefore the key for the diagnosis of CSW in our patient was the development of a negative Na balance, increased diuresis and dehydration [9] in the absence of adrenal failure.
The early onset of CSW following DI (i.n < 4 days), as occurred in this patient, has indicated a poorer prognosis [14] . However, our patient progressed satisfactorily. Treatment of CSW cannot simply be based on Na and water: high dose fludrocortisone (0.2 -0.4 mg/day) is often indicated [16] . The duration of CSW in not often reported. Rarer still are reports mentioning prolonged CSWS [17] [18] [19] . No case has persisted as long as in our patient, in whom, 18 months following surgery, interruption of fludrocortisone treatment is impossible without a significant increase in diuresis and a tendency towards hiponatremia, no doubt because of tumor relapse.
CONCLUSION
Patients who have undergone intracranial surgery can present both DI and CSW simultaneously. The recognition of this potential combination has important therapeutic consequences, and requires close monitoring during the postoperative period in an intensive care unit, with special attention to Na fluctuations, always bearing in mind the context in which these occur. In some cases, the association of both DI and CSW can be prolonged and persist for months.
